Comparative patterns of protein phosphorylation during activation of surf clam oocytes by different artificial agents.
Oocytes from the surf clam Spisula solidissima are arrested at prophase I of meiotic maturation, until fertilization, We analyzed the patterns of phosphorylated proteins under procedures mimicking, to various degrees, the normal sperm-induced activation process. High K(+)-seawater, the phorbol ester TPA, serotonin, or a combination of these were used to analyze their effects on both germinal vesicle breakdown (GVBD) and protein phosphorylation. Oocytes were preloaded with 35S-methionine or 32P-phosphate, and the pattern of labeled proteins was analyzed by polyacrylamide gel electrophoresis followed by autoradiography. When comparing, in high K(+)-activated oocytes, the pattern of phosphorylated proteins with that of synthesized proteins, it appeared that these two processes were largely unrelated to one another. Activation induced by TPA was slower (60 min for GVBD) than that induced by high K+ or serotonin (12-15 min for GVBD), but was similarly sensitive to the protein phosphorylation inhibitor, 6-dimethylaminopurine, and resulted in a qualitatively similar pattern of phosphorylated proteins appearing with slower kinetics, reflecting slower GVBD. When both serotonin and TPA were added to oocytes, the kinetics of GVBD was intermediate (30 min), and so was the appearance of phosphorylated proteins. Finally, the kinetics of development of H1 kinase activities was evaluated in oocytes activated by serotonin, TPA, or both. Similar to the general pattern of phosphorylated proteins, increased histone H1 kinase activities developed to similar degrees but with kinetics reflecting those of GVBD in each case. In conclusion, activations by different artificial agents, utilizing different pathways, resulted in GVBD with different kinetics but similar overall patterns of phosphorylated proteins after a lag typical of the agent used. This suggests that diverse pathways may initially be used to activate oocytes, but that these different pathways eventually merge into a common one, resulting in a highly conserved and regulated sequence of phosphorylation processes.